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(57) ABSTRACT 
A toner cartridge (20) has a cartridge main body (21) as a 
container ?lled With a developer and a shutter mechanism 
(25) that opens and closes a developer discharging ori?ce 
(231) formed in the cartridge main body (21). The cartridge 
main body (21) has a pair of end Walls (left end Wall (22) and 
right end Wall (23)) opposing each other and a barrel (24) 
installed between a pair of these end Walls (22) and (23). A 
shape of a cross section of the barrel (24) orthogonal to a 
direction of a tube center line is set to a shape of a Reuleaux 
polygon. 

10 Claims, 16 Drawing Sheets 
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TONER CARTRIDGE, ADAPTOR FOR TONER 
CARTRIDGE, TONER CARTRIDGE 
ASSEMBLY AND IMAGE FORMING 

APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a toner cartridge ?lled With 

a developer made of toner particles or the like, an adaptor for 
toner cartridge, a toner cartridge assembly, and an electro 
photographic image forming apparatus to Which the forego 
ing components are attached detachably. 

2. Description of the Related Art 
With an image forming apparatus applied With the electro 

photographic method, an electrostatic latent image is formed 
by irradiating light from an exposing device onto the periph 
eral surface of a photoconductive drum being rotated accord 
ing to image information obtained by reading a document or 
transmitted from another device, and a toner image is formed 
by supplying toner particles from a developing device onto 
the peripheral surface of the drum on Which the electrostatic 
latent image is formed, after Which the toner image is trans 
ferred onto a sheet of paper. The sheet bearing the transferred 
toner image is subjected to a ?xing process by heating in a 
?xing device and discharged to the outside thereafter. To the 
image forming apparatus con?gured as above, a toner car 
tridge is attached detachably in order to replenish the devel 
oping device With a developer (toner particles or a mixture of 
toner particles and a carrier). 

Incidentally, the toner cartridge is a consumable article and 
is normally stored at the site Where the image forming appa 
ratus is installed. A toner cartridge being used is replaced With 
a neW one in store as soon as it becomes empty. 

Normally, a stirring mechanism having, for example, a 
spiral feeder, is internally attached to such a toner cartridge. 
When the toner cartridge is attached to the image forming 
apparatus, a drive force of a drive source inside the image 
forming apparatus is transmitted to the stirring mechanism 
inside the toner cartridge. The stirring mechanism is thus 
driven so that a developer inside the toner cartridge is replen 
ished to the developing device With stirring. The toner car 
tridge as above, hoWever, has an inconvenience that the need 
to provide the stirring mechanism inside the toner cartridge 
increases the cost. 

In order to eliminate this inconvenience, a toner cartridge 
described, for example, in Patent Document 1 (referred to as 
the bottle in JP 6-43755) is formed of a circular tubular body. 
The toner cartridge formed of the circular tubular body is 
attached to the image forming apparatus and rotated about the 
tube center. A spiral rib is provided to bulge on the inner 
peripheral surface of the circular tubular body along the full 
length. Accordingly, When the toner cartridge rotates, the 
developer inside the toner cartridge is guided by the spiral rib 
While it is loosened and eventually migrates toWard the open 
ing, so that it is replenished to the developing device through 
the opening. According to the toner cartridge of JP 6-43755 
con?gured as above, it is possible to achieve a reduction in 
cost because there is no need to provide the stirring mecha 
nism inside the toner cartridge. 

With the toner cartridge of JP 6-43755, hoWever, in a case 
Where the toner cartridge has been stored, for example, in a 
vertical posture over a long period, the developer falls doWn 
to the bottom (end Wall) of the toner cartridge in a vertical 
posture and the developer at the loWer end is hardened to form 
lumps. In a case Where the toner cartridge in a state Where 
lumps are formed therein is attached to the image forming 
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2 
apparatus, even When the toner cartridge is rotated about the 
tube center, the lumps of the developer are hardly pulveriZed. 
This results in a problem that the developer cannot be trans 
ported toWard the developing device. 

Incidentally, in order to eliminate this inconvenience, the 
user is recommended to hold the toner cartridge in hands and 
shake the toner cartridge suf?ciently before he or she attaches 
the toner cartridge to the image forming apparatus. The user, 
hoWever, often forgets such a shaking operation. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a toner cartridge 
capable of loosening the developer ?lled inside in a reliable 
manner even When the toner cartridge has been stored in a 
vertical posture over a long period and the user forgets a 
shaking operation before he or she attaches the toner cartridge 
to the image forming apparatus, an adaptor for toner car 
tridge, a toner cartridge assembly, and an image forming 
apparatus. 

In order to achieve the above and other objects, toner car 
tridge according to one aspect of the invention includes a 
cartridge main body as a container having a tubularbarrel and 
?lled With a developer, and the barrel has at least in part a 
portion Whose outer shape of a cross section orthogonal to a 
direction of a tube center line is a shape of almost a curve of 
constant Width other than a circle. It is preferable that the 
shape of the ?gure of constant Width is a shape of a Reuleaux 
polygon. 
An adaptor for toner cartridge according to another aspect 

of the invention includes an adaptor main body having a 
tubular barrel and an accommodation space for a toner car 

tridge in an interior thereof, and the barrel has at least in part 
a portion Whose outer shape of a cross section orthogonal to a 
direction of a tube center line is a shape of almost a curve of 
constant Width other than a circle. 
A toner cartridge assembly according to still another aspect 

of the invention includes an adaptor that includes an adaptor 
main body having a tubular barrel and an accommodation 
space in an interior thereof, the barrel having at least in part a 
portion Whose outer shape of a cross section orthogonal to a 
direction of a tube center line is a shape of almost a curve of 

constant Width other than a circle, and a toner cartridge 
accommodated in the accommodation space and ?lled With a 
developer inside. 
An image forming apparatus according to still another 

aspect of the invention includes: an apparatus main body of a 
box shape in Which various image forming devices are pro 
vided; the toner cartridge, the adaptor for toner cartridge, or 
the toner cartridge assembly described above, each of Which 
is attached detachably to the apparatus main body; an accom 
modation portion including an inner surface With Which an 
outer peripheral surface of the barrel of the toner cartridge or 
the adaptor comes into sliding contact and an opening pro 
vided to one end face through Which the toner cartridge or the 
adaptor is attached and detached and having a cross section in 
a direction orthogonal to a direction of a tube center line in a 

shape of a regular tetragon; a rotation mechanism con?gured 
to rotate the toner cartridge or the adaptor attached to the 
accommodation portion in a circumferential direction; and a 
transportation mechanism con?gured to transport the devel 
oper inside the toner cartridge to the image forming compo 
nents provided inside the apparatus main body through a 
developer discharging ori?ce provided to the toner cartridge. 



US 8,036,578 B2 
3 

The above and other objects, features, and advantages of 
the invention will become more apparent from the following 
detailed description of embodiments with reference to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially notched perspective view of an outward 
appearance according to one embodiment of a printer to 
which a toner cartridge of the invention is applied and shows 
a state where a maintenance door is open. 

FIG. 2 is a perspective view showing one embodiment of 
the toner cartridge of the invention. 

FIG. 3 is a cross section taken on line of FIG. 2. 

FIG. 4 is a development view showing an outer surface side 
of a toner cartridge main body shown in FIG. 2. 

FIGS. 5A through 5F are views used to describe the Reu 
leaux triangle adopted as a shape of the cartridge main body 
when viewed in a cross section; FIGS. 5A through 5F respec 
tively show states where the reference vertex of the Reuleaux 
triangle is rotated from the reference position W in a coun 
terclockwise direction up to 150° by 30° at a time. 

FIGS. 6A through 6F are views continued from FIG. 5 and 
used to describe the Reuleaux triangle adopted as the shape of 
the cartridge main body when viewed in a cross section; 
FIGS. 6A through 6F respectively show states where the 
reference vertex of the Reuleaux triangle is rotated in a coun 
terclockwise direction up to 330° by 300 at a time from the 
start point rotated by 180° in a counterclockwise direction 
from the reference position and FIG. 6G shows a sub-ellipti 
cal shape formed by a circulation trajectory of the center of 
gravity when the Reuleaux triangle is rotated inside a regular 
tetragon. 

FIGS. 7A and 7B are views showing one embodiment of a 
rotation mechanism that rotates an angular tubular body and 
the toner cartridge inside the angular tubular body; FIG. 7A is 
a perspective view and FIG. 7B is a cross section taken on line 
VIIB-VIIB of FIG. 7A. 

FIG. 8 is a partially notched perspective view showing one 
embodiment of a transportation mechanism. 

FIGS. 9A and 9B are cross sections taken online IX-IX of 
FIG. 8; FIG. 9A shows a state before the toner cartridge is 
coupled to the transportation mechanism and FIG. 9B shows 
a state where the toner cartridge is coupled to the transporta 
tion mechanism. 

FIGS. 10A through 10E are schematic views of the trans 
portation mechanism when viewed from the left and used to 
describe the function of the transportation mechanism by 
focusing a relation of rotations of the toner cartridge and 
circulations of a developer receiving and discharging pipe in 
a state where the toner cartridge is attached to the angular 
tubular body; FIG. 10A shows a state where the toner car 
tridge is positioned at the reference position, FIG. 10B shows 
a state where the toner cartridge is rotated by 30° in a coun 
terclockwise direction from the reference position, FIG. 10C 
shows a state where the toner cartridge is rotated by 60°, FIG. 
10D shows a state where the toner cartridge is rotated by 90°, 
and FIG. 10E shows a state where the toner cartridge is 
rotated by 120°. 

FIG. 11 is a perspective view showing an example of 
another embodiment of the toner cartridge. 

FIGS. 12A and 12B are views showing an angular tubular 
body and a toner cartridge intemally attached therein in a case 
where the angular tubular body is a regular polygon having 
more angles than a regular tetragon; FIG. 12A shows a case 
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4 
where the angular tubular body is a regular hexagon and FIG. 
12B shows a state where the angular tubular body is a regular 
octagon. 

FIGS. 13A and 13B are views used to describe a ?gure of 
constant width; FIG. 13A shows a ?gure of constant width of 
a triangle type in a case where the base ?gure is a regular 
triangle and FIG. 13B shows a ?gure of constant width of a 
pentagon type in a case where the base ?gure is a regular 
pentagon. 

FIGS. 14A through 14C are perspective views showing a 
toner cartridge assembly (toner cartridge adaptor) of the 
invention; FIG. 14A and FIG. 14B show an all accommoda 
tion type in which a barrel is entirely accommodated in an 
adaptor (FIG. 14A shows a state where the barrel is pulled out 
from the adaptor and FIG. 14B shows a state where the barrel 
is accommodated in the adaptor) and FIG. 14C shows a barrel 
partial accommodation type in which the barrel penetrates 
through the adaptor. 

FIG. 15 is a partially notched perspective view showing 
still another embodiment of the transportation mechanism. 

FIGS. 16A and 16B are cross sections taken on line XVI 

XVI of FIG. 15; FIG. 16A shows a state before the toner 
cartridge is coupled to the transportation mechanism and FIG. 
16B shows a state where the toner cartridge 20 is coupled to 
the transportation mechanism. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, embodiments of the invention will be 
described in detail on the basis of the drawing. FIG. 1 is a 
partially notched perspective view of an outward appearance 
according to one embodiment of a printer 10 to which a toner 
cartridge 20 of the invention is applied and it shows a state 
where a maintenance door 111 is open. Referring to FIG. 1, an 
X-X direction is de?ned as the right-left direction and a Y-Y 
direction is de?ned as the front-rear direction. In particular, a 
—X direction is de?ned as leftward, a +X direction is de?ned 
as rightward, a —Y direction is de?ned as frontward, and +Y 
direction is de?ned as the rearward. 
As is shown in FIG. 1, the printer (image forming appara 

tus) 10 includes a sheet storing portion 12 to store sheets P to 
be supplied for a printing process, an image forming portion 
13 to apply an image transferring process on a sheet P picked 
up one by one from a sheet pile P1 stored in the sheet storing 
portion 12, and a ?xing portion 14 to apply a ?xing process on 
the sheet P having undergone the transferring process in the 
image forming portion 13, all of which are provided inside an 
apparatus main body 11. A sheet discharge portion 15 onto 
which to discharge the sheet P having undergone the ?xing 
process in the ?xing portion 14 is provided on the top of the 
apparatus main body 11. 
The openable and closable maintenance door 111 is pro 

vided to the left side wall of the apparatus main body 11 at an 
almost upper half position. When the maintenance door 1 1 1 is 
opened, the interior of the apparatus main body 11 is exposed. 
A manual tray 112 serving also as the opening and closing 
door is provided to the front wall of the apparatus main body 
11. By tilting the manual tray 112 toward the front, a sheet P 
can be fed into the image forming portion 13 manually via the 
top face thereof. 
An inclined surface inclined to point downward toward the 

front is formed in the upper edge portion on the front face of 
the apparatus main body 11 and an operation panel 113 and an 
LCD (Liquid Crystal Display) 114 are provide on the inclined 
surface. Various types of operation information are inputted 
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from the operation panel 113 and various comments for an 
image forming process are outputted to the LCD 114 in the 
form of characters. 

The sheet storing portion 12 is provided With a cassette 
frame body 121 that is integral With the apparatus main body 
11 and a predetermined number (one in this embodiment) of 
sheet cassette 122 loaded With a sheet pile P1 and attached to 
the cassette frame body 121 in such a manner that it can be 
pushed in and pulled out on the front side. A sheet P picked up 
one by one from the sheet pile P1 in the sheet cassette 122 is 
fed into the image forming portion 13 via a sheet feeding 
transportation path 123 and a register roller pair 124 provided 
at the doWnstream end of the sheet feeding transportation path 
123. 
The image forming portion 13 applies a transferring pro 

cess on a sheet P according to image information transmitted 
from a computer or the like. The image forming portion 13 
includes a photoconductive drum 131 provided to be rotatable 
about a drum axis extending in the Width direction, and along 
the peripheral surface of the photoconductive drum 131 from 
atop in a clockWise direction When vieWed from the left are 
provided a charging device 132, an exposing device 133, 
developing device 134, a transfer roller 135, and a cleaning 
device 136. 

The photoconductive drum 131 is used to form an electro 
static latent image and a toner image in accordance With the 
electrostatic latent image on the peripheral surface thereof. In 
order to form satisfactory electrostatic latent image and toner 
image, a strong and smooth amorphous silicon layer is lami 
nated on the peripheral surface of the photoconductive drum 
131. 
The charging device 132 forms charges uniformly on the 

peripheral surface of the photoconductive drum 131 that 
rotates about the center of drum in a clockWise direction When 
vieWed from the left. The example shoWn in FIG. 1 adopts a 
method by Which charges are provided onto the peripheral 
surface of the photoconductive drum 131 by means of corona 
discharging from a charging Wire provided across the charg 
ing device 132. Alternatively, as a member that provides 
charges onto the peripheral surface of the photoconductive 
drum 131, the charging Wire may be replaced With a charging 
roller con?gured to provide charges While is driven to rotate 
With the peripheral surface thereof abutting on the peripheral 
surface of the photoconductive drum 131. 
The exposing device 133 irradiates a laser beam Whose 

intensity is adjusted according to image data transmitted from 
an external device, such as a computer, onto the peripheral 
surface of the photoconductive drum 131 being rotated. 
Charges on the peripheral surface of the photoconductive 
drum 131 are erased partially When scanned by the laser 
beam. An electrostatic latent image is thus formed on the 
peripheral surface of the photoconductive drum 131. 

The developing device 134 supplies toner particles to the 
peripheral surface of the photoconductive drum 131, so that 
the toner particles are attracted to the peripheral surface in the 
portion Where the electrostatic latent image is formed. A toner 
image is thus formed on the peripheral surface of the photo 
conductive drum 131. 

The transfer roller 135 transfers a toner image formed on 
the peripheral surface of the photoconductive drum 131 onto 
a sheet P fed beneath the photoconductive drum 131. The 
transfer roller 135 therefore provides the sheet P With charges 
charged oppositely to the polarity of the charges provided to 
the toner image. The transferring process on a sheet P is 
achieved by nipping the sheet P by the transfer roller 135 and 
the photoconductive drum 131 that are pressed against each 
other and by peeling off the toner image on the charged 
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6 
peripheral surface of the photoconductive drum 131 toWard 
the surface of the sheet P that is charged oppositely. 
The cleaning device 136 cleans the peripheral surface of 

the photoconductive drum 131 after the transferring process 
by removing toner particles remaining thereon. The periph 
eral surface of the photoconductive drum 131 cleaned by the 
cleaning device 136 is headed again toWard the charging 
device 132 for the next image forming process. 
The ?xing portion 14 applies the ?xing process by heating 

onto the toner image on the sheet P to Which the transferring 
process has been applied by the image forming portion 13. 
The ?xing portion 14 includes a heat roller 141 having a 
conducting heating element, such as a halogen lamp, in the 
housing thereof and a pressure roller 142 provided beloW the 
heat roller 141 in such a manner that the respective peripheral 
surfaces oppose each other. The ?xing process is performed 
When the sheet P after the transferring process receives heat 
from the heat roller 141 by passing through the nip portion 
betWeen the heat roller 141 driving and rotating about the 
center of roller in a clockWise direction When vieWed from the 
left and the pressure roller 142 driven to rotate about the 
center of roller in a counterclockwise direction When vieWed 
from the left. The sheet P having undergone the ?xing process 
is discharged to the sheet discharge portion 15 by passing 
through a sheet discharging transportation path 143. 
The sheet discharge portion 15 is formed by making a 

recess at the top of the apparatus main body 11. A sheet 
discharge tray 151 to receive a discharged sheet P is provided 
at the bottom of this recessed concave portion. 

In this embodiment, an accommodation portion (toner car 
tridge accommodationportion) 30 formed of an angular tubu 
lar body used to detachably attach the toner cartridge 20 on 
the top plate of the developing device 134 is provided. A 
developer (toner particles or a mixture of toner particles and 
a carrier) ?lled in the toner cartridge 20 is replenished to the 
developing device 134 in a state Where the toner cartridge 20 
is attached to the accommodation portion 30 as is indicated by 
an alternate long and short dashed arroW of FIG. 1. 

FIG. 2 is a perspective vieW shoWing one embodiment of 
the toner cartridge 20 of the invention. FIG. 3 is a cross 
section taken on line of FIG. 2. Indications of direction in 
FIG. 2 and FIG. 3 using letters X andY are the same as in FIG. 
1 Qi is the right-left direction (-X: leftWard, +X: rightward) 
and Y is the front-rear direction (-Y: frontWard, +Y: rear 
Ward)). 
As is shoWn in FIG. 2, the toner cartridge 20 is of a basic 

con?guration having a cartridge main body 21 as a container 
?lled With the developer inside and a shutter mechanism 25 
internally attached to the cartridge main body 21 and used to 
discharge the developer inside the cartridge main body 21. 
The cartridge main body 21 includes a pair of end Walls in 

the right-left direction (left end Wall 22 and right end Wall 23) 
and a tubular barrel 24 installed betWeen a pair of the end 
Walls 22 and 23. A developer ?lling chamber V is de?ned in 
a space surrounded by a pair of the end Walls 22 and 23 and the 
barrel 24. 
A circular developer ?lling ori?ce 221 is provided to the 

left end Wall 22 at the center position. A cap 222 shaped like 
a circular column is press-?t to the developer ?lling ori?ce 
221 in a state Where the developer is ?lled into the developer 
?lling chamberV through the developer ?lling ori?ce 221. A 
circular developer discharging ori?ce 231 is provided to the 
right end Wall 23 at the centerposition. It is con?gured in such 
a manner that the developer inside the developer ?lling cham 
berV is discharged toWard the developing device 134 through 






























